In this paper, we first evaluated the distribution of blood pressure (BP) using a dataset containing 113,979 measurements in 48,022 individuals with the cooperation of one health insurance society in Japan from April, 2013 to March, 2016. The means of the systolic BP (SBP) and diastolic BP (DBP) were 125.4 and 77.6 mmHg with standard deviations of 16.5 and 11.7 mmHg, respectively. Under the 140/90 criterion, 21.6% of the measurements showed hypertension. According to the World Health Organization/International Society of Hypertension criterion, 16.4%, 4.2% and 0.96% were classified as grades 1, 2 and 3, respectively. The factors affecting BP were evaluated by a regression analysis and were found to include age, gender, some eating habits, daily activities, smoking, drinking alcohol, sleeping and wages. Age was a very important factor, and the age cohorts from the previous study might be revised based on these findings. Among factors that individuals can control, the influence of drinking alcohol is very large. Comparing to an individual who does not drink, SBP and DBP of a heavy drinker are more than 5.0 mmHg higher on the average.
Introduction
Blood pressure (BP) is considered to be one of the most important health factors.
The World Health Organization (WHO) [1] states "Worldwide, raised blood pressure is estimated to cause 7.5 million deaths, about 12.8% of the total of all How to cite this paper: Nawata, K., Matsumoto, A., Kajihara, R. and Kimura, M. deaths. This accounts for 57 million disability adjusted life years (DALYS) or 3.7% of total DALYS. Raised blood pressure is a major risk factor for coronary heart disease and ischemic as well as hemorrhagic stroke." If the systolic BP (SBP, the BP when the heart beats while pumping blood) ≥ 140 mmHg or the diastolic BP (DBP, the BP when the heart is at rest between beats) ≥ 90 mmHg (hereafter, 140 90 ), a person is classified as having high (raised) BP or hypertension [2] . (Although manual office BP is usually used, automated office BP [3] or ambulatory BP [4] measurements have recently been recommended to avoid measurement errors [5] and white-coat effects. The recommended threshold values of hypertension when measured by these measurement methods are lower than 140 90 .) Hypertension is now a problem worldwide [6] [7] , including in developing countries [8] [9] [10] . WHO [1] estimated that about 40% of the world population aged 25 or over exhibited hypertension and that the number of people with uncontrolled hypertension rose from 600 million in 1980 to nearly 1 billion in 2008. Hypertension is frequently associated with hypertensive heart disease [11] . It was estimated that 50 million or more Americans had hypertension requiring treatment [12] [13] . Chaobanian et al. [12] pointed out that awareness of hypertension improved from 51% in 1976-1980 to 70% in 1999-2000. The percentage of patients receiving treatment increased from 31% to 59%, and the percentage of individuals with BP below 140 90 increased from 10% to 34% in the same periods. The median SBP of Americans aged 60-74 declined by 16 mmHg from 1960 to 1991, and the age-adjusted death rates from stroke and coronary heart disease declined by 50% and 60% since 1972, respectively. They concluded that "These benefits occurred independent of gender, age, race or social status."
The National Heart, Lung and Blood Institute [13] [14] classified hypertension as stage 1 if SBP is 140 -159 mmHg or DBP is 90 -99 mmHg and stage 2 if SBP ≥ 160 mmHg or DBP ≥ 100 mmHg. The risk of heart disease increases as BP increases for individuals of all ages [15] [16] . WHO and the International Society of Hypertension (ISH) [17] gave guidelines for managing hypertension from epidemiological studies and from clinical trials. WHO-ISH described the risk of cardiovascular disease (CVD), the factors affecting BP, and the effects of treatments. Hypertension is classified into three categories: grade 1 (middle hypertension), defined as SBP of 140 -159 mmHg or DBP of 90 -99 mmHg; grade 2 (moderate hypertension), defined as SBP of 160 -179 mmHg or DBP of 100 -109 mmHg; and grade 3 (severe hypertension) defined as SBP ≥ 180 mmHg or DBP ≥ 110 mmHg. Based on the hypertension grade, other risk factors, target-organ damage and associated clinical conditions, patients are classified into low-, medium-, high-and very-high-risk groups. The risk of a major cardiovascular events in the following 10 years is about 20% -30% and 30% or over in the high-risk and very-high-risk groups, respectively. In Japan, the medical expenditure for hypertension and related disease was 1.85 trillion yen, which accounted for 4.5% of total medical expenditures (40.8 trillion yen) in fiscal year 2014 [18] .
Moreover, comorbid hypertension increases the medical expenditures of pa-tients with other diseases such as diabetes [19] . Hypertension also reduces happiness and life satisfaction [20] [21] . Therefore, the true medical cost of hypertension might be much higher than the direct cost alone. To evaluate the effects of BP on societies, it is necessary to know the distribution of BP in the population, including normal and healthy individuals. However, it is very difficult and costly to obtain a large-scale individual dataset that includes many normal and healthy individuals because such people do not usually go to hospitals or clinics voluntarily.
Therefore, special surveys are necessary, but the number of participants is limited in most studies. Joffres et al. [22] [23] pointed out that there were large differences between the distributions of SBP among Kenyan nomads and London civil servants, with the levels of the former much lower than the levels of the latter. It has also been suggested that race, genetic and environmental factors, and health administrative and practice patterns are important determinants of BP [4] [10] [24] . Therefore, it is necessary to evaluate the BP data by country.
In Japan, the NIPPON DATA 2010 survey [25] , financed by a grant from the Ministry of Health, Welfare, and Labor, was conducted in 2010. In this survey, the BP levels of 2891 participants were observed. The averages of SBP were 137.4 and 130.8 mmHg for males and females, respectively. Based on the national surveys, there were decreasing 50-year trends in SBP in all ages and genders. Similar decreasing trends were observed in DBP in females; however, there was no clear trends in DBP in males [26] . Fujiyoshi et al. [27] studied the relation between CVD and BP using the data of 68,309 individuals grouped into cohorts by age and gender. They observed 1944 CVD death over 10.2 years. They concluded that there was a positive relation between CVD and BP in all cohorts.
In Japan, most workers 40 or older are required to have medical checkups once a year independent of their health conditions by the Industrial Safety and Health Act [28] . (To our knowledge, Japan is the only country that has such a system among major countries and it is extremely costly to do such a survey in other countries.) Private companies and central and local governments form health insurance societies for their employees in Japan. According to the National Federation of Health Insurance Societies [29] , made up of societies formed by private companies, the number of members (employees and their family members satisfying certain conditions) of such societies is 30 million.
This means that datasets for a huge number of normal individuals, much bigger than any datasets ever used before, already exist, and no additional cost or effort is necessary to develop them. Moreover, the health insurance societies pay the medical expenditures of their members and obtain all of their medical information, including their medical conditions, treatments, institutions used, and amounts paid for medical care. Therefore, if their health and medical information is used properly, it can aid in the improvement and effective use of health and medical resources. However, as of the present, this information has never been used for this purpose. The health insurance societies are required to keep their data for five years by law, but most of the important and useful data are discarded after that.
We have succeeded in obtaining the cooperation of one health insurance society. This study is the first study that uses the health and medical information stored by a health insurance society. The BP levels of a Japanese population are analyzed using a dataset containing 113,979 measurements in 48,022 individuals.
First, the BP distribution is evaluated, and then the factors that might affect BP are analyzed in a regression analysis.
Data and Distribution of BP
The dataset used in this study was obtained with the cooperation of the health insurance society of one large Japanese corporation that has offices and opera- 
Regression Analysis of Variables Affecting BP
In this section, we evaluate the factors that might affect BP. As already men- are weight, obesity, exercise, eating habits, alcohol consumption, stress, educational level, and time [12] [31]- [36] . Our dataset contained most of these factors.
Regression models were used in the analysis.
Analysis of SBP
First, we considered a simple model to evaluate the gross effects of age and gender (Model 1A):
where i u is an error term. The mean and SD of Age were 49.7 and 7.2 years, respectively. This model gives basic information of age and gender that may be helpful for cohort studies. Female (male: 0, female: 1) was used for gender;
22.2% of the measurements was obtained from female. The results of the estimation are given under "Model 1A" in 
Analysis of DBP
Next, DBP was analyzed by three models, as before. They were:
Model 2A, 
Model 2B, 
The results of the estimation are given in Table 3 . The variables affecting DBP were similar to those in the SBP models. The only difference was that estimates of Exercise became significant at the 5% and 1% levels in Models 2B and 2C, respectively.
Discussion
WHO [1] stated that "Globally, the overall prevalence of raised blood pressure in adults aged 25 and over was around 40% in 2008." This number became 22.3% in 2014 [30] . Although the ages and years were slightly different, there exists an enormous difference between these two numbers despite the fact that they were reported by the same very influential organization. Our result is close to the second result obtained by WHO; this fact suggests that the WHO findings [1] should be reexamined and revised to avoid unnecessary confusion.
Age and gender are very important variables affecting both SBP and DBP.
There exists a large difference between males and females; which raises the question of whether the same BP criterion should be used for hypertension regardless of gender. As for age, as individuals grew 10 years older, their average SBP increased as much as 5 mmHg. BP and the risks of hypertension have been studied using a cohort study [12] [24] . A 10-year interval was used to define the age cohorts; however, the results of this study suggest that the 10 year interval might be too large, the distribution within cohorts should not be ignored, and the age cohorts should be revised to get more precise evaluations. The variables affecting BP other than the basic characteristics of individuals are similar to those in previous studies. Obesity increases BP, and a one point reduction of BMI reduces SBP and DBP by 1.1 -1.3 and 0.76 -0.84 mmHg, respectively. Therefore, weight reduction is an effective method of controlling BP. Anamnesis increases BP. Individuals with risk factors are classified in the veryhigh-risk group if their hypertension is grade 3 [17] . Hence it is important for anamnesis to be cured in these individuals. Concerning eating habits, eating a proper breakfast reduces BP. Daily physical activity (even light activity) is another important factor for controlling BP. The results of this study suggest that smoking reduces BP, although the other bad effects of smoking were not evaluated in this study. Drinking alcohol (both the frequency and amount per day) increases BP. Comparing to an individual who does not drink, the SBP and DBP of a heavy drinker (who drinks 540 ml or more of sake wine every day) are more than 5.0 mmHg higher on average. The effect of drinking is much larger than the effects of other factors. Sleeping well increases BP. Although this result is unexpected, the reason for it is unknown. The time trend is negative, but this result is not significant. Three years might be too short a span over which to measure the time trend. Both SBP and DBP decrease as wages increase. This suggests that higher social and economic status improves BP.
Conclusions
In this paper, we first evaluated the distribution of BP using 113,979 BP measurements in 48,022 individuals collected by the health insurance society of one large corporation in Japan. Such a dataset has not been used before in research such as this. The means of SBP and DBP were 125.4 and 77.6 mmHg, with SD of 16.5 and 11.7 mmHg, respectively. Under the 140/90 criterion, 21.6% measurements had hypertension. According to the WHO-ISH criterion, 16.4%, 4.2%me and 0.96% were classified as grades 1, 2 and 3, respectively. The factors affecting BP were then evaluated using a regression analysis. The factors affecting BP were age, gender, some eating habits, daily activities, smoking, drinking alcohol, sleeping, and wages. Age is a very important factor, and it is possible that the age cohorts in previous studies should be revised. Among the factors that individuals can control, the influence of drinking alcohol is very large. Compared to an individual who does not drink, the SBP and DBP of a heavy drinker are more than 5.0 mmHg higher on average.
The dataset used in this study was obtained from just one health insurance society, and a sample selection bias might exist. We are now negotiating various health insurance societies to provide us their data. This study is the first step, and it will be possible for us to use health and medical datasets for a huge number of normal individuals, much bigger than any datasets ever used before. Companies are responsible for the health conditions of their employees, and they should encourage the high risk employees to control their BP. For the purpose of helping employees, other risk factors should be evaluated. The cost-benefit analysis is also necessary for effective use of medical resources. The family history is another interesting factor to be analyzed. These are subjects to be studied in future.
